This review is a call for mindfulness and precision when applying TNM 8 in oropharyngeal cancers. Implications, intentions, and weaknesses of TNM 8 are addressed in light of our own investigations and the published literature. In TNM 8, the impact of p16
is scarce, ii) its stage grouping exclusively has prognostic intention, and iii) that a noncritical application of TNM 8 might negatively impact the patients' survival as the perception of TNM 8 as having therapeutic intention may lead to de-escalating treatment regimens in p16
INK4A -positive cases, specifically when grouped into stage I despite the presence of neck metastasis. If other parameters from HPV positivity that also have a negative impact on the patient's survival, such as smoking or the presence of comorbidity, are neglected in therapy planning, survival outcomes might even become worse. Future studies applying TNM 8 and further investigating the value of p16 INK4A as surrogate marker for active HPV infections will identify whether or not changes in TNM 8 should have therapeutic implications in HPV-associated, only p16 INK4A -positive cases or whether this impact additionally holds true for nontonsillar cancers.
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Background
The new edition of the TNM classification system (UICC/AJCC) became available January 1st, 2017. For the first time, HPV-positive and HPV-negative oropharyngeal carcinomas are classified as separate entities. However, the available data which this new classification is based on are not resilient. There is a profound risk for misclassification of cases and faulty treatment decision making, resulting in less favorable outcome for patients.
To raise awareness and to bring this issue in a practical setting, the authors will discuss a hypothetical case scenario resembling everyday clinical practice. In the lack of study results addressing the issue so far, a hypothetical patient case has been constructed and will lead through the points of interest concerning the application of TNM 8. The name of this constructed patient is Mrs. Doe.
Case
This is a 57-year-old female patient who was referred to the ENT clinic of a major academic medical center after being diagnosed with an oropharyngeal carcinoma for completing the diagnostic workup and treatment.
Her past medical history is unremarkable except for a wellcontrolled blood pressure. She smoked from age 20 up to the age of 50, one pack a day (i.e., 30 pack years in total). Her alcohol consumption is limited to moderate use.
The extension of her tumor is described as follows: in the right tonsillar fossa, measuring 3.5 cm in greatest dimension; there are 4 enlarged lymph nodes and up to 5.7 cm in diameter ipsilateral, no distant metastases, and no evidence of extranodular infiltration (ENI). Biopsy was taken from the primary tumor; pathology shows a moderately differentiated, nonkeratinizing squamous cell carcinoma (grade G2), p16
INK4A -positive. According to the seventh edition of the TNM classification system, this is a T2N2bM0, UICC stage IVa tumor; according to the eighth edition, it is a T2N1M0 tumor, UICC stage I.
Discussion

Human Papillomavirus in the Eighth Edition of the TNM Classification System
Mrs. Doe suffers from a locally advanced tonsillar cancer, which classified according to the seventh edition of the TNM classification system (TNM 7) (1) would be a T2N2bM0, UICC stage IVa tumor. Tumor burden typically is reflected by stage and predicts survival for these patients. There are several therapeutic options for this patient based on histopathological findings, tumor stage, relatively young age, and no significant comorbidities. The first option would be primary radiochemotherapy. A second option would be transoral tumor resection (TLS, TORS) with neck dissection and risk-adapted adjuvant treatment [radio(chemo)therapy]. And last but not least, the patient could be treated by transcervical tumor resection (and possibly reconstruction using a flap) with neck dissection and riskadapted adjuvant radio(chemo)therapy.
Our own recently published survival data on 126 patients with locally advanced tonsillar cancer (UICC stage III and IV according to TNM 7) show that a patient similar to the case has a 3-and 5-year survival probability of 67% and 62%, respectively, after transoral tumor resection, neck dissection, and adjuvant radio(chemo)therapy (2) . These data confirm the excellent survival rates from the RTOG trials 0129 and 0522, which included similar radio(chemo)therapy regimens in their study design (3, 4) .
However, these survival rates do not take into consideration the fact that the patient has-according to the new TNM classification system and its criteria for HPV diagnosis-an HPV-associated tonsillar carcinoma.
The survival probability of the patient improves after stratification for HPV positivity according to the mentioned own study results (2) in terms of Mrs. Doe's 3-and 5-year survival to 80% and 78%, which again is in line with the results of RTOG 0129 and TAX 324 (5) and other clinical studies with post hoc analyses of HPV status (6) . The latter and various other retrospective study results being in line with the results from RTOG 0129, 0522 and TAX 324 such as own previous studies (2,7-11) on the positive impact of HPV-infections on the course of disease of patients with squamous cell carcinoma of the head and neck (HNSCC) form the evidence on which the innovations of TNM 8 have been based on.
The fact that patients with HPV-related carcinoma of the tonsil show a significantly better survival probability has been incorporated into the new TNM classification as a new tumor entity, and Mrs. Doe's tumor is now classified as a UICC stage I tumor.
At the same time, HPV-negative tonsillar tumors of the same extent with a survival probability at 3 and 5 years of 60% and 52% remain in stage IVa. Of note, data from our own patients (2) and summarized studies by Masterson and coworkers (6) are derived from standard treatment protocols, i.e., without treatment de-escalation strategies. This is also the case for all cited own HPV-based studies (2,7-11) implementing full-dose therapy regimens.
Important point: The excellent survival of patients with HPVrelated oropharyngeal carcinoma was shown in patients treated with standard therapies.
Most Important Changes in the Eighth Edition of the TNM Classification
The resulting "downstaging" of HPV-associated tumors with the TNM 8 is based on a trial with 1907 patients. Results showed that prognosis of these patients was better reflected with the new stage grouping (12) . Major changes in the TNM 8 (13) are discussed by Lydiatt et al. (14) and summarized in Table 1 . It is important to notice that, in p16
INK4A -positive tumors, the clinical nodal (cN) and pathological nodal status (pN) differ. After surgery, the pathological staging apparently enables other prognosticators to be more relevant than in clinically staged nonsurgical patients. The latter is in line with own data showing that the HPV-positive impact on survival also can be observed in patients exclusively treated by surgery without any adjuvant treatment (2) , meaning that prognosis changes already alone with surgery. Previous own studies showing a high positive correlation of HPV status in primary tumors and their corresponding lymph node metastases of the lateral neck (15,16) might explain the different biological behavior of HPV-negative and HPV-positive tumors due to hampered virus activity following surgery in HPV-positive cases.
In TNM 8, nodal staging in HPV-negative patients is like TNM 7 except for "extranodular infiltration" (ENI), which was incorporated in cN as well as in pN as the most important negative prognostic factor. In nonsurgical p16
INK4A -positive patients who usually undergo primary radio(chemo)therapy, N stage is grouped in ipsiversus bilateral nodal metastases of more than 6 cm as important negative prognostic factor. Contralateral nodes and size of lymph node metastases do not seem to influence prognosis in HPV-positive patients who underwent primary surgery. Only the absolute number of lymph node metastases is important. Therefore, there are only pN0 and pN1 (four or less positive lymph nodes) and pN2 (more than four lymph node metastases). In patients with resectable p16
INK4A -positive tonsillar tumors, surgery becomes a positive predictive factor. This was also shown in our own series: Thirty-nine patients (31%) of 126 patients who underwent primary surgery did not receive adjuvant radiochemotherapy even if 13 patients had stage III and IVa disease (TNM 7). Figure 1 shows that there is no difference in survival between patients with or without adjuvant radio(chemo)therapy. Within the group of patients who underwent primary surgery, the same positive effect on survival is seen in patients with HPVassociated tumors compared to surgically treated patients with HPVnegative tumors (2) . Both results suggest that better outcomes in patients with HPV-positive oropharyngeal carcinoma are most likely not exclusively due to a better response to radiation therapy, but to any therapy, especially surgery. The role of surgery in times of a generally favored predominance of radiation treatment protocols in HPV-positive and HPV-negative HNSCC already has been addressed by us in 2010 and on (2, 17) .
Lack of Precision in Using the Eighth Edition of the TNM Classification System
TNM 8 harbors pitfalls when used without caution. It should be used for risk stratification and to identify patients who potentially benefit from de-escalated treatment strategies. A few critical aspects which in part have been addressed by us (18) (19) (20) (21) previously are discussed in the following paragraphs.
TNM 8 introduces HPV-positive and HPV-negative carcinomas of the oropharynx. The significantly higher rates of HPV infection and therefore higher incidence of HPV prevalence are exclusively seen in regions which belong to the characteristic lymphoepithelial tissue of the tonsils of the Waldeyer ring (tonsillae lingualis and palatinae) (7-9,11). The Waldeyer ring, except the adenoids, is in fact part of the oropharynx in addition to other regions such as the posterior pharyngeal wall and soft palate. Carcinomas of the soft palate are as rarely HPV-positive as hypopharyngeal carcinomas (7, 11) . Having stated this, one has to be clear about the fact that the chapter in TNM 8 which deals with HPV-positive oropharyngeal carcinomas cannot necessarily be transferred to tumors other than oropharyngeal primary sites without caution.
The cellular protein of the gene CDKN2A, p16
INK4A , belongs to the group of the INK4 proteins. It inhibits cyclin D-dependent kinases and is upregulated through a negative feedback mechanism. Cyclin-dependent kinases become phosphorylated through the retinoblastoma gene product (pRB), resulting in the release of the proliferation factor E2F. The viral oncogene E7 is imitating cyclin Ddependent kinase activity and causes uncontrolled replication of mucosa cells which are needed by human papillomaviruses since they do not have their own replication machinery. This uncontrolled replication results in proliferation and malignant transformation depending on the malignant potential of the human papillomavirus (22) . HPV16 causes more than 90% of HPV infections in the head and neck. In SCC of the tonsils which, due to its lymphoepithelial character, seems susceptible for HPV infections, HPV16 prevalence rates vary between 30% in the Netherlands and 90% in Scandinavia depending on the applied HPV-detection methods and, even more important, the geographical region the patients live in (11) . The reason for the latter is only poorly understood until today. Together with types 18, 33, and 35, HPV16 belongs to the group with the highest potential to cause malignant transformation (high-risk types). p16
INK4A positivity indirectly shows supposed viral infection in tumor tissue (8, 23) . According to TNM 8, p16 INK4A immunohistochemistry (IHC) is recommended to detect HPV-associated SCCs in exclusively oropharyngeal cancers. The decision of the AJCC/ UICC to consider p16 INK4A as surrogate marker for HPV infection is based on studies which showed a strong correlation between HPV DNA and RNA (mRNA of oncogenes E6 and E7) and a strong positive result for p16 INK4A on IHC. Strong diffuse staining for p16 INK4A-IHC is considered positive for HPV infection with active oncogenes. This method is widely available and affordable. However, there are numerous studies from several regions of the world showing that there is a considerable discrepancy between p16
INK4A results and the molecular proof of HPV DNA and/or RNA in tumor tissues (2,9,11) which even holds true when African and Caucasian Americans are compared (24) . There is even uncertainty whether or not the cutoff value in p16
INK4A IHC detecting HPV positivity has been determined precisely (25) . We and other research groups have repeatedly shown these discrepancies. For instance, of the 126 Fig. 1 . Influence of therapy on the overall survival of the patients.In total, 39 patients were treated by surgery only, with a median follow-up time of 6.16 years (range 0.12-13.53 years). Overall survival after 3 years was 67.2%, after 5 years 61.3%, and after 10 years 53.6%. Further 59 patients were after surgery treated with radiochemotherapy (RCT). Here the median follow-up time was 5.88 years with a range from 0.16 to 14.24 years. Overall survival was 74.7%, 65.4%, and 58.8% after 3, 5, and 10 years, respectively. The remaining 28 patients received, after initial surgery, radiotherapy (RT). The median follow-up period in this group was 6.26 years (range 0.14-12.12 years), with overall survival rates of 56.1%, 57.1%, and 37.5% after 3, 5, and 10 years, respectively.
tonsillar cancers, we showed a rate of 18% (2). In addition, it was shown that patients with p16 INK4A -positive and HPV DNA-negative tumors had a better survival than patients being negative for both parameters (11, 26, 27) . This observation is still discussed in the community and not well understood. The authors of TNM 8 for oropharyngeal carcinomas and the accompanying publications (12) (13) (14) 28) need to be open to the criticism that only publications which support p16
INK4A as surrogate marker for HPV infection were considered. The authors want to make readers aware that based on p16 INK4A IHC as sole method for HPV detection as recommended in TNM 8, there is a fair chance of misclassification of patients as false positive or false negative. In the best case scenario, this leads to a wrong estimation of survival prognosis only. In any case, TNM 8 lacks sufficient information from different populations and geographic regions in the world.
Mrs. Doe is a smoker. Since the widely recognized publication by Ang et al., it is well accepted that smoking has a negative effect on survival in head and neck cancer patients independent of HPV status (3). Compared to HPV-positive nonsmokers (with very good prognosis) and HPV-negative smokers (with poor prognosis), HPVpositive smokers and HPV-negative nonsmokers showed an intermediate survival probability. The positive effect of HPV infection on survival was completely void with a positive smoking history in our own patient population with 126 tonsillar cancer patients (2) . Smoking habit/history was not considered in the TNM 8. The authors want to raise concern because this might mislead professionals in estimating prognosis in patients with HPV-positive cancers with a smoking history. It is important to keep in mind that the number of patients (with HPV-positive tumors) actively smoking is significantly larger outside the United States, especially in certain parts of Southern Europe. Currently, there are no studies or data supporting the understanding or interpretation of this issue.
The incidence of cancer of the upper aerodigestive tract shows a male to female ratio of 1:5. Based on differences between woman and men concerning HPV infection latencies, infection rates, HPV uptake according to lifetime sexual partners, and others, it might be assumed that there is a major difference in immunocompetence between women and men (detailed information on HPV infection in men is given in references 29 to 31): HPV infection of the cervix is cleared without any treatment by about 75% of women, and only 25% develop a permanent infection. These phenomena have not been described in the mucosa of the aerodigestive tract where it has been repeatedly shown that, in the head and neck, there is no detectable HPV in the mucosa without a lesion (29, 30) and vice versa, and that the presence of HPV in mucosa of the head and neck region is detected only when lesions are present (2, (8) (9) (10) (11) 30, 31) . Due to the latter, studies observing the course of latent infections in mucosae of the head and neck are not feasible. Moreover, in men, the rate of new infections increases proportionally with increasing number of sexual partners, while in women, it plateaus at the number of 6 (32) (33) (34) (35) . It is unclear whether the immunological aspects in women result in different tumor biology in HPV-driven cancers. It remains questionable whether TNM 8 is applicable in men and women alike. However, to date, there is no scientific evidence to argue against it.
HPV Status and Therapy
The excellent survival of patients with HPV-related tumors suggests the need for adjustment of therapy, such as reduction of radiation dose and/or chemotherapy or replacement of classic chemotherapies with biologicals (anti-EGFR or anti-PD1/-PDL1). Currently, there are several prospective clinical trials recruiting patients (6) looking into de-escalated treatment strategies to minimize treatment related toxicities while maintaining outcome. However, some issues discussed here are part of the ongoing trials and will probably make interpretation of the results challenging: i) some trials recruited patients with tumors of several anatomic sites of the upper aerodigestive tract, ii) only p16
INK4A IHC is required as method for HPV detection in the majority of studies, and (iii) smoking habit is considered in only a few studies. Moreover, most of the trials were designed between 2010 and 2014. TNM 7 was then introduced; now TNM 8 has become available and is used. Reclassification should be done to make data comparable. Currently, only two de-escalation trials (DeESACALaTE and RTOG1016) have been published (36, 37 ). Both noninferiority trials tested cisplatin against cetuximab in the setting of radiochemotherapy, resulting in significantly worse survival of patients in the cetuximab arm, therefore classifying both trials to be negative. All other available data on patients with HPVrelated oropharyngeal cancer showing the survival advantage were derived from trials originally designed for different endpoints with post hoc HPV analyses. Again, all patients received treatment according to standard of care. Unfortunately, neither DeESCALaTE nor RTOG1016 included HPV (p16 INK4A )-negative cases, preventing the chance to show the survival advantage of HPV-positive cases in a prospective setting.
The here discussed hypothetical patient with a p16 INK4A -positive tonsillar cancer, cT2N1M0, stage I (TNM 8), would currently have an excellent survival prognosis despite being a former smoker if she received a standard, not de-escalated, treatment regimen.
Conclusions
This article is a call for mindfulness and precision when applying TNM 8 in oropharyngeal cancers. In TNM 8, the impact of p16
INK4A status on the staging of oropharyngeal SCC highlights i) that underlying evidence is scarce, ii) that it's stage grouping exclusively has prognostic intention, and iii) that a noncritical application of TNM 8 might negatively impact the patients' survival as the perception of TNM 8 as having therapeutic intention may lead to de-escalating treatment regimens in p16
INK4A -positive cases, specifically when grouped into stage I despite the presence of neck metastasis. If other parameters from HPV positivity that also have a negative impact on the patient's survival, such as smoking or the presence of comorbidity, are neglected in therapy planning, survival outcomes might even become worse. Future studies applying TNM 8 and further investigating the value of p16
INK4A as surrogate marker for active HPV infections will identify whether or not changes in TNM 8 should have therapeutic implications in HPV-associated, only p16
INK4A -positive cases or whether this impact additionally holds true for nontonsillar cancers.
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